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For iron, however. [Fe,(CO),J gives diiron derivatives [3]. while a-bonded nitrile 
derivatives [Fe,(CO)I, ,I (NCMe),,] (17 = 1 or 2) were unknown, although p ;-bcn~o- 
nitrile triiron complexes have been prepared [4], and [Fe,!~~:-1’Ph)~((‘0l~(TChle)~ j 
has been character&d [I]. We therefore sought a route to ,~mple triir\)n dcri\ari\.ch. 
and report now on the synthesis of a series of derivatives j Fe,i(‘Or , ,(NC‘R j] ( 1: 
R = Me. CrH,, C’(,H, or C’,H,-Z-Me) and their reactions with Jec,tron-pair donor-~,. 
The structure of one of the derivati\,es (I : R = C,H,S-2-Mc~ h:l ken dct~rmined h! 
a full single crystal structure analysis, rcportcd her-c. I‘hc b\ nr!Ie<k:, of [lie ri;ixed 
metal clusters has been reported. in part elsewhere [-il. 

Results and discussion 

Prepurution and properties qf the nirrile c1erioutir~e.s 
When a solution of [Fe,(CO),,] and RCN in CH,C’12 is treated at low tempera,- 

ture with Me,NO. the mononitrile derivative [Fe,(CO),,(NCR)] (1) is produced in 
excellent yield (eq. 1). tbo apparent c&our change occurs in the dark green 

. . 

solution, but both the consumption of [Fe,(X)),,] and the appearance of 1 can be 
conveniently monitored by TLC. Addition of excess RCN and Me,NO is neeessarq 
for reasonably rapid conversion of [Fe,(CO),,] to 1. but m> further substitution 
occurs. If solutions of la- Id are warmed at this stage (B.C.. in the presence of an 
excess of RCN), they react to give an extremely dioxygen sensiti\‘c. deep-red 
solution (removal of the solvent from the solutions under vacuum results in further 
decomposition). The nitrile derivatives 1 may be isolated bt filtration through ;i 
short silica column (removing .Me,NO). followed by evaporation ol’ the schw~t and 

the excess of RCN under vacuum. both at low temperature. Compounds 1. together 
with relevant data for characterization. are detailed in Table i 

The nitrile iigands of 1 are rapidly displaced by a varietv of two-electron donor 
ligands, L, at low temperatures, followed by warming to room temperature (eq. .J) 
(For L. see Table 2). 

[Fe,(C;);;(NCR)] i- L T$$$+[Fe,(CO),,L] + RCN 

(21 

(2) 

Although compounds 1 all undergo nitrile displacement readily, la or lb are 
preferred for immediate conversion to 2 because of the ease of removal of the 
volatile RCN. ‘This reaction. with appropriate L. results in high yields of pure 2. and 
therefore is the preferred route for their preparation. The reacrion of’ 1 with carbon 
monoxide, at room temperature. results in rapid. yuantitati\,e convcxsion to 

[Fe,(C0),2]. Thus la is presumably the intermediate jn the reported synthesix ,)f 
“CO-enriched [Fe,(CO),,] IS]. The compounds 2, together with relevant uharacteri- 
zation and spectroscopic data~ are detailed in Table 2. 
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Selected bond lengths (A) and angles (” ) (-or [Fe,(CO),,(N(‘C‘,H,~h,ic-211 

Bond lengthh (.A) Bond angles (O ) 

FCC 1 I- Fe:( 1’ 1 

Fe( I’ )-~Fe( 3) 

Fe(i)-Fe(l) 

C( 1) ~- Fet 1) 

C’(:)--r+(l) 

c‘(?)~-Fe(l) 

(‘(i(J)- Fc( I) 

C( II))mFe(l’) 

C(ll,-Fk(l’) 

(‘(1 1 J- Fe(l) 

C(7)-Fcl’) 

C(8jpFC(3) 

n’~~Fe(i) 

C‘(9) mFe(3) 

O(1 )k(‘( 1) 

O(I!-(‘(2) 

0(3)&c‘(3) 

O(7). C(7) 

0(8)-C‘(X) 

(‘( 12)- N 

C’(9)- O(Y) 

C(ll)-O(ll) 

(‘(IO-O(10) 

(‘(13).--C(l2) 

<?I9) C’(14) 
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Preparation of the compounds [Fe,(CO),, LL’] 
Compounds 2 vary in their potential to undergo further substitution with 

Me,NO/NCR. For example, 2 (L = PF,) is inert to Me,NO attack, whereas 2 
(L = P{OMe},) may be converted into [Fe,(CO),,{P(OMe),}L’] in high yield, as 
shown in eq. 3. 

L’ 
CH,C1,, _400C)[Fe3(CO),o{P(OMe)r}L’l (3) 

(L’ = PPh, or P(OEt),) 

In an attempt to effect further substitution, [Fe,(CO),,{P(OMe),}{P(OEt),}] was 
treated with Me,NO in the presence of MeCN, but the disubstituted carbonyl was 
unreactive, even in boiling dichloromethane. The spectroscopic and characterization 
data for [Fe,(CO),,{P(OMe),}L] are given in Table 2. 

-010 

03’ 

Of3 

Fig. 1. A single molecule of Id showing the numbering scheme. The two-fold axis runs vertically (as 
drawn) through the mid point of the Fe(l)-Fe(l’) vector. 
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Structure of (Fe_;(C~),,(NCC),H,-2-Me)~ (Id) 
Id is the first [Fe,(CO),,(NCR)] species to be structurally characterised. although 

nitrile substituted iron clusters having either bridging phosphorus Iigands (I] or 
bridging nitriles [4] have been studied. The compound Id ha a single nitrile ligand 
axially coordinated to the unique iron atom, with two asymmetrically bridging 
carbonyls spanning the other metal atoms (See Fig. 1). In this respect, it resemblr~ 
one isomer of [Fe,(CO),,(PPh,)] [6j. ‘The degr ee of as\mmetrz in the carbonvl 

bridges lies between that found in the analogoub ISOI~L”T _ _ of 11x irrFhen~lphi,spl~i~~~ 

derivative [6], and that in j Ft_.,[C’0)i2] [7,8]. king slightl~~ loarr ?h:m ft\r the latter. 
A further feature is the lengthening observed for the twc,.> FEI i‘e hr~ncl I<? the uniytr~~ 0 
Iron. of about 0.1 A compared to [Fe,(CC>),,]. ‘Thi\ Iengthenmg probabl\ iilu\trates 
the bond weakening effect ;lssociated with the relati\& pottr -i-acceptor nrtrilt’ 

ligand. Other aspects of the molecular geometr! are quite MWUM~. Selected Emil 
lengths and angles are given in Table 3. 

Experimental 

‘The experimental techniques used and the instrumentation employed have bee11 
described previously 191. C’haracterisation data and yields are given in Tables i and 
2. 

Prepurution oj JE2T,(C‘O),; 1-1 (f’iv L. .see Zhhle -7) 
‘To ;1 stirred solution of [Fel(CO),l(NCMe)] (0.5 g, 0.96 mmol) in dichloro- 

methane (200 cm-‘) WE d&J 6. (1.45 mmol) at -- .‘;(I” C‘. After ec~nsumption of the 
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starting nitrile complex (TLC), the mixture was allowed to warm to -20“ 6, and 
volatiles removed under vacuum at this temperature. The resulting black-green 
solids were recrystallised from dry, degassed hexane under dinitrogen at - 21 o C. 

NB: In the case of L = PF,, the gas was bubbled through a solution of la in 
dichloromethane at 0 o C, the reaction being completed (TLC, propanone as eluant) 

at room temperature.) 

Preparation of [Fe,(CO)lO( P(OMe),) L’] (L’ = PPh, or P(OEt),) 
A solution of [Fe,(CO),,{P(OMe),}(NCMe)] was prepared as for [Fe,(CO),,- 

(NCMe)], but using [Fe,(CO),,{P(OMe),}] in place of [Fe,(CO),,]. The resulting 
solution was treated at - 40’ C with a slight molar excess of L’. The mixture was 
allowed to warm to - 30 o C, when the reaction was complete (TLC). About half the 
solvent was removed under vacuum at - 20” C, and heptane (110 cm3) added. 
Volatiles were again removed to leave predominantly heptane as solvent, a.nd the 
mixture set aside ( - 27 o C) to crystallise. Dark green crystals were obtained. 

Crystal data. Ci9H,N0,,Fe,; ,M = 578.799, monoclinic, space group C2/c; a 
7.748(l), h 24.855(2), c 12.300(2) A, p 107.62(l)“; u 2257.66 A3; 0, 1.70 g, cm-3, 
2 = 4; F(OO0) = 588, ~(Mo-K,) 10.46 cm-‘. 

Table 4 

Atomic coordinates for [Fe,(CO),,(NCC,H,Me-2)] 

Atom x Y z 

Fe(l) 
Fe(3) 
C(1) 
C(2) 
C(3) 
C(7) 
C(8) 
N 

O(1) 
O(2) 
O(3) 
O(7) 
O(8) 
O(9) 
001) 
WO) 
C(l0) 
C(9) 
C(l1) 
C(12) 
C(l5) 
C(l6) 
C(17) 
C(l8) 
C(13) 
C(14) 
W9) 

0.0537(3) 
- 0.2566(9) 

0.0998(20) 
0.2568(22) 

- 0.0793(30) 
- 0.4403(41) 
-0.3319(42) 
-0.1189(25) 

0.1262(15) 
0.3944(19) 

- 0.1505(24) 
- 0.5800(44) 
-0.3909(54) 
- 0.4551(27) 

0.2473(75) 
0.0796(25) 
0.0543(38) 

- 0.3642(34) 
0.1280(34) 

- 0.0444(32) 
0.0628(33) 
0.2238(33) 
0.2925(33) 
0.2001(33) 
0.0392(33) 

- 0.0295(33) 
- 0.1905(66) 

-0.1038(l) 
- 0.1638(3) 
-0.1620(6) 
- 0.0722(6) 
-0.0693(g) 
- 0.1867(11) 
-0.1895(12) 
- 0.2297(7) 
- 0.1995(4) 
- 0.0523(5) 
- 0.0539(7) 
- 0.2068(13) 
-0.1942(15) 
- 0.0658(6) 
-0.1736(17) 

0.0029(7) 
- 0.0432(11) 
- 0.1034(10) 
- 0.1424(9) 
-0.2694(g) 
- 0.4143(7) 
-0.4117(7) 
- 0.3619(7) 
-0.3148(7) 
-0.3172(7) 
- 0.3672(7) 
-0.3719(17) 

0.3588(2) 
0.2555(6) 
0.4439(12) 
0.4299(13) 
0.4288(18) 
0.1386(23) 
0.3736(25) 
0.2491(16) 
0.5032(9) 
0.4760(11) 
0.4947(15) 
0.0682(27) 
0.4522(33) 
0.2689(19) 
0.2453(48) 
0.2292(15) 
0.2301(24) 
0.2610(21) 
0.2526(21) 
0.2502(27) 
0.2507(25) 
0.2223(25) 
0.2030(25) 
0.2121(25) 
0.2405(25) 
0.2598(25) 
0.2785(40) 
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